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Abstraif ' - ( ''.4.22.2) has beci lv. i i d Cv is m unci reagents 
ineludmr: dill, i\ nier os of i , lAnena iv nd pviomclhtn. tcids ] hen 
the modified papain was immobilized on the activated cotton fabric by a two-step method. 
The n umber of tire amino groups in the modified protein was investigated through the 
2,4,6-trinitrobetizenesulfonic acid method. Energy dispersive spectrometer was used to 
characterize papain immobilization. Some parameters of both modified and native papain 
immobilized on cotton fabric, such as optimum temperature, optimum pH, and the 
stabilities for reservation in various detergents were studied and compared. The resultant 
papain had its optimum pH shifted from 6.0 to 9.0. Compared with immobilized native 
papain, the thermal stability and the resistance to alkali and washing detergent of 
immobilized modified enzyme were improved considerably. When the concentration of 
detergent was 20 mg/ml, the activity of the immobilized pyromdiitic papain retained about 
40" o of us original ,icti\ ity, whereas the n papain was almost inhibited. This work 
demon ei ra\d that the yotton fabric inimohih/ ■ j mi jib ■, p.ipam has p.aeiaiai appheanon , 
in the functional textiles field. 

Keywords Papain i .2,4 -Bcnzcnctriearbowbc antiydt ale • Pyi omel'ntic anhydride ■ 
Modification immobilization • Cotton fabric Detergent 



Introduction 

Papain (it " 4 2? 2! \-~ a pov.vifui po <'■: tie n on.- bciomnne m the e- -tan.- nn.a. ; ... 
family. It can be isolated from the latex of the papaya fruit. The enzyme plays a key role in 
biotechnology and lias a range of important applications in 1 isolation, leather, cosmetic, 
textiles, detergents., mod, and pharmaceutical md 1st a j t i. However, its uses are quite 
limited due to poor recovery, yield, limited reusability, rapid inacttvation in the soluble 
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state, and high enzyme cost [2]. A number of strategies have been proposed to overcome 
s K 1 .mi 7 rion and chemical modification [3, 4]. 



ingle peptide c 
into two parts that form a cleft and having 11 lysin 
consists of Cys-25, His-159, and Asp-158 [7]. Lysine 
site in papain, so the modification of the papain surface 
be a good strategy to improve bioeatalyst performance 
condition, the electronegativity of -COOCO is its it 
toward itself to form n amid s i ous modifiers s 
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reusability in alkaline conditions [10]. Up to the present momei 
are often preferred to use as the matrix of enzyme because of the; 
i\a LbthU i > _i id a ihi'. ha -e c ] Among tin 

fabric he u i o ilysaccharide made up of cellulose, is particularly 

inexpensive, and available. Several authors investigated the erosslinking \ 
cellulose with glutaraldehyde. Xu et ai. [12] reported the use of glutaraldehyde and glyoxal 
to impart higher levels of wet strength to paper, comparing their different reactivities with 
cellulose. Choi et al. [13] tested the use of these two aldehydes for replacement of 
formaldehyde in durable press finishing of cotton, reporting higher efficiency of 
glutaradchydc m the erosslinking with cellulose, in their work, the reaction of cellulose 
with glutaraldehyde took place directly due to the cellulose in cotton fibers, which is 
relatively, inert because tht inter- and mtra-irtoiecuim hydrogen bonds formed between the 
hydroxy! groups lower the reactivity of the hydroxy) group with organic or inorganic 
reagents [14], while the grafting allows easy and controllable introduction of new groups 
with a high surface density and long stability of the grafted layers. Therefore, we have 
chosen the chemical grafting approach tor the surface modification of the cotton fabric. 
According to the best know ledge of the authors, there is no report in the literature on the 
immobilization of modified papain on the activated cotton fabrics. 

In the present work, the modified p ipain v as firstly immobilized on the activated cotton 
fabric by the two-step method. Then, the modified and native papain both immobilized on 
the- fabrk i i t i I i i i > T t el ici t c t 

enzyn i t\ t 1 vv i v ^ t* • i the tit j n hry. retaining 

activity in dce.gert. and etiz~> t ti ti ' pain has many practical nppl « < l m 
cosmetics, textiles, and detergents [1], which could provide a direction to develop new 
functional textiles. 



Materials and Methods 



Materials 



Pa^mCFC ?422 2 of i t t \ tic ctd T^BS) 1,2,4- 

benzenetriearboxylic anhydride, and pyromellitic anhydride were purchased from Sigma- 
Aldrich Trading Co., Ltd (Shanghai, China). Acetone and pyridine were procured from 
Shanghai Chemical Reagent Co., Ltd (China), characterized for analytical grade. L-Cysteine 
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(biological reagent) and all the other reagents of analytical grade were obtained from 
^ i ( i F _ (.1^1 i i f v i t 1 T i i twiA weave 

(20 tex x 16 tex, 50 ends/cm x 24 picks/cm, iex = G/XxlOOO, where G (grams) and I 
(meter) are the weight and iengi o T tib xvtiw vas. denize*. blcuchct 
before use. Branded domestic detergent was purchased from NICK Group (China). Distilled 
water was used throughout this research. 

Vw t , 1 ii d 1 il I - on I iru 

A laboratory procedure was used to incorporate reactive functional groups onto cotton 
fabrics i he treatment \va carried oul in two steps: 

1. D ' 1 1 i i i i i v i M \ 11 i Hi d n. '0°( 
bath equipped with shaker at a rotation of i 80±5 rpm for 60 min. After alkaline treatment, 
the samples were washed with distilled water, followed by washing with acetone for 
* cycles Then the treated fabrics wen immersed in a. .none containing /Moiucncsultbnyi 
chloride with a luittid-to-soiid ratio of 20:1 (v/ir) at 45 °C for 3 h. Souring treatments 
were carried out similarly with the process as mentioned above and air-dried. 

2. The cotton fabrics treated with the first step were dipped in an aqueous solution 
containing 0 1 M eti amine at Mem : ■ i i ! i i id, nagne iring 
i id ' 02 11 3 _ - ! i k d ■ k w i . ti i t i <■ t d s Ikv i c 
to remove the residual reagents, and dried at room temperature. 

Modification by 1,2,4-Benzenetricarboxylic Anhydride and Pyromellitic Anhydride 

Papain (6 mg-'mi ) was suspended in 50 ml 0.05 M Trts MCI bu t'e pi ! 8.(1 i itt\ milligrams 
of different mbydrido \va added low K .villi constant stirring to tht papain suspension 
This immediately brought a drop in pH, and hence, sodium hydroxide was gradually added 
to the solution to maintain the pH at 8.0 using a tnicrobureue during the reaction. The 
reaction was allowed to proceed for 1 h at 25 °C. The samples were diaiyzed exhaustively 
against distilled water at 4 °C. 

Detennination of Free Amino Group Content 

Determination of free amino groups in native and modified papain was carried out 
according to the TNBS method [15]. The free amino groups remained in the modified 
papain, upon reaction with FM?s 1n;m a inehc ; hnim.'genie dcioatl-.,, which can be 
measured at 335 nm D.n i a, ei : bisbo e\pi :- :d u iam.o ■ 'Hr mtiWi.'iis (;x i.ont i ahui; 

1 K v i I ! vd 11 1 i W 1 - I lv si i 

amines consumed bv the i ivl w corresponding to , which is the fre'ein \1S_ 
attached with TNBS. 

Immobilization of Papain 

c - pic l i c ! i u i M ii lis IT 1 -i "as added in 

nodil is! i i j c d Tk "ak ras si ken at 

170 rpm at 4 ( Following immobilization for 10 h, all the ' ■ y .w 

with distilled water several times until no significant amount of papain activity was 
detectable in the washing solution and then dried in the vacuum oven. 
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A given amount of immobilized native papain 01 modified papain ind 1.6 ml 0.01 Tris f (Ci 
buffer pH 8.0 were put into a tube, mixed with 0.4 ml papain activator consisting of 0.02 M 
ethylene diaminetetraacetic acid and 0.05 M L-cysteine pH 8.0 and incubated for 10 min at 
40 °C to reduce the disulfide bonds of the cysteine molecules of the protein. Then, 1 ml of 1% 
casein in pH 8.0 Tris-HCl buffer was added. After the enzym ctionw carrie it at 
45 °C for 15 min, 3 ml of 5% trichloroacetic acid solution was added into the tube and mixed, 
and the mixture was statically equilibrated at room temperature for 10 min. The following 
procedure was the same as the determination of the soluble papain activity described by Kasy 
and Wildi [16]. The absorbance of the filtrate obtained was determined at 280 nm using a 
quartz cuvette with I cm path length. One unit of enzyme activity was defined as the tyrosine 
content fonned per minute at 45 °C and pH 8.0. The relative activity (percent) was the ratio 
between the activity oi e" en sample arid the maximum icti\it\ ot samples 

Protein Determination 

Protein concentration was detennined by tlic Hi idtbrd method [i J using the Coomassie protein 
assay reagent with bovine serum albumin as the standard. After column chromatography, the 
protein concentration was estimated by measuring the absorbance at 280 nm. 

I haraetcrization oi Papain immobilization and Spectral Measurements 

Sc. amine eleenon n 10, ope (SI l i S*i -' '!■>', 1 ■ ,.umw' 'a ah an 1 !)n ((Mont) was 
used to characterize 1 he: particl t i i i. i a U mo ihon if tic 

cotton fabric before and after papain immobilization. Secondary electron images were 
acquired using an accelerating voltage of 10 kV. A Fourier transform infrared (FT-IR) 
spectrometer (Nicoiet, NHXUS-670, USA) with 2 cm -1 resolution was used for sample 
an is Ik s >. p cr i > i i ^ t i i i 1 i 1 1 B 

wits used as the mulling agent. The conformational change of papain was further confirmed 
with UV-vis spectroscopy [18]. The UV-vis spectann was recorded on a UV-2I02PC 
spectrophotometer (UNICO, Shanghai, China) in the range 240-340 nm equipped with 
1.0-cm quartz cells. 

i ; of Temperature on I ic Activity i 

The effec" it i p j i i i 1 i t i i d papain was 

detennined by assaying the enzyme activity in a standard procedure mentioned above. The 
temperature was vancd from 30 to 90 X at pit 8.0. Thermal stability of the immobilized 
nzyi etermined b i sunt csidua tivti i tin i t i 1 

14 hinacircuiaii i bail 80 Ms fica i < I icdia 

in ice water, and the residual enzymatic activity was detennined as described above. 

Influence of pH on Hnzyme Activity 

The effect of pi ! on the activity of immobilized native and modified papain was determined 
h\ assaying the enzyme activity at diwemnt pi i '. ulivs mnamg from 5 0 to i 1 0 at 45 C, 
sing 0 < ! 5 M coiKwiUi Ui<s[i - ( It i irfei s Tus ( I H 0-10.0) and 

Tris-NaOH (pH 11.0). The residual enzymatic activity' was detennined as described above. 
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Fig. i FT-IR spectra of a UP. b 
BP, and c PP 




3000 2000 
Wavelength (cm 1 ) 



Proteolytic Activity in Detergent 

For each sample, a measured amount of detergent powder in distilled w ater was used to 
give a final concentration of 5-25 mg/ml. A suitable dilution of the native and modified 
enzyme was made in the detergent solution, respectively, and then assayed for the 
proteolytic activity at 45 °C. Casein was used as the substrate. 

Determination of Kinetic Constant 



The kinetic consents of immobilized native and modified enzyme were determined as the 
concentrations of casein ranged from 0.1% to 0.5% at pll 8.0. The K m and V m . dX of the 
enzyme were calculated from the intercept and slope according to the Hanes-Woolf plot. 
1 ie i ub it ion ripe k" \ - t 




Wavelength (nm) 
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Table 1 Degree ol modification. 


Enzyme 


a (%) 


Relative acii\ ii\ (mi 


UP 


0 


100 


BP 


45.24±0.88 


96.73±0.12 


PP 


40.35±0.57 


95.8S±0.96 



! i i i i I - i | s 



Results and Discussion 

Modification of Papain 

pio\idmeeonioimat"ima and aru. i me iK mima. s inloi m ition oi p.otcius I igutc I li|usttu1cs the 

formation of new absorption peaks in the FT-IR spectra and changes in functional groups of 
papain after being chemically modified. Ihghci absorption in the region from 3,381 to 
3.420 cm 1 corresponding to the Oil stretching cf the Oii groups present in die unmodified 
papain (UP), 1 ,2,4-lx'nzenctricarboxylic papain (BP), and pyromcllitic papain (PP). The 
absorption at 2,933 cm 1 was due to the stretching vibration of CH 2 . After chemiealiv modified, 
a relatively higher absorption at the characteristic peak (1,652 cm -1 ) and (1,519 cm" 1 ) of amide 
I and amide H \\a- oh-vt\,d f m > hoih iu,o i v i.n;. ■■! inp'>,ihilk voudari amenac ot tin. 
protein [19]. In addition, the benzene ring absorption band overlapped with amide I at 
1,600 cm" 1 , 1,255 cm" 1 due to C--0 stretching of the ester group, and 1,450 cm" 1 due to C-N 
stretching The*: findings coniirmed lis:! modi iioan ■<-, had lakon plaiv. 

UV vis absorption measurement is a vety simple method and applicable: to explore the 
structural change and to know the complex formation [20]. The UV -vis absorption spectra 
of native and mooned nap. an t>e M) v - 1 - i v is kd > t i '*a shov n ei I m ' 
UP has strong absorbance with a peak at 280 run and the spectrum of BP showed a blue 
shift of 4 ran in the emission maximum from 280 to 276 nm. Moreover, PP did not show- 
any evident aggregation but present a broad band around 270 280 nm. in addition, the 
intensity of absorption of BP and PP was lower compared to UP. These changes are, most 
often, due to the interaction between the enzyme and anhydrides, and they may also be due 
to the unfolding of papain in the presence of chemical modification. Unfolding behavior of 
protein led to a decreases in the intensity of absorption [21]. 

Determination • Mi < D ■> WS D ivumui <■ teeming he CTOssiirikmg 

effect and its efficiency, papain, modified with f .2,4-bcn7cnctricarboxyiic anhydride or 

siomi v k h v d '< v ot s v i i T - v Me can induce 

the percentage of the modified lysine residue. An accurate determination will depend on all 
ttnei'ossiinked groups participating in lite TNBS reaction [ 22] from our results (Tabic I ), it was 
observed that 1 ,2.44xwcnciricarboxy!ic papain with minimum numbers of exposed E-amino 
groups dhoti' 1. % i \ v > v h > fe en/yme were moor « r> resent method, and 

I ii - t e t ise s e s & 1 1 vantly This behavior may suggest that 

among differcni an'mdode. ib^e with smtil inoLauia; si/„ am i^L^miaih, .1 nidified during 

Fi«. s C ~: uMi i it.ai ■ ceaipesaie:: anas:s hv ' ui as: rolcTee reaioa in liie (aemm nli Ciaa Si ; \i ^ 
i i I ' ' j !\ i m it i I , , i i i 

i a i N ili e l ii 
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the crossiinking reaction and the amino acid at the active site causes no detectable change in the 
tertiary structure of the enzyme. Also, the two modified papain showed similar profiles for the 
numbci of e-aniino groups at different he m iii\ m< iitbd reagents 



Man EDS v 
r fabric befc 



chloride that combined with the fabric did not react with ethyl diamine completely. The 
untreated fabric lacks sulfur element (Fig. 3a). The sulfur element ratio changed 
significantly appearing only on the papain-immobilized fiber (Fig. 3c). The text result 
shows that papain was ^ i ;uth boun^ m tl >. > n - ^ v^to h 

In this study, the reaction of cellulose with papain occurs through the aid ot a coupling 
it i i i * I i i i I t i i i i i | p items. 

Furthermore, these groups arc generally not involved in the analytic site, which allows 
moderate crossiinking to preserve enzyme conformation and thus biological activity. 

Effect < / n 1 s t »s i be 

expected, the enzyme activity of immobilized native and chemically modified papain 
increased gradually with temperature, and the maximum activity was obtained at 80 °C 
(Fig. 4). This confirms that the enzyme favors higher temperature as can be observed from 
the activity data at 60, 70, and 80 °C. The activity of immobilized unmodified papain (TUP) 
and immobilized benzenetricarboxylie papain (IBP) were increased stably over a period of 
60 to 80 °C without significant change. However, the activity of immobilized pyromeilitic 
papain (IPP) has a vital peak at 80 °C, which may be attributed largely to the particular 
enzyme structure [23]. Figure 5 is a comparison of the thermal stabilities of immobilized 
native and chemically modified papain at 80 °C in buffer pH 8.0. Both preparations 
exhibited a similar trend; after 4 h of incubation, the IPP retained 15% activity while total 
activity losses were found tor lite iUP and IBP. Thermal imtctivation is believed to be 
mainly caused by oenaluration of tertiary structure through proton unfolding or disruption 
of the active site of the enzyme [24]. The greater stability of the IPP is partly ascribed to 
diminished t J b due < i i M\ ou I -o:pp. ;l : M< i 1 a i I k 

possesses two ester function groups per molecule compared with the single group of (,2,4- 
benzenetrieaiboxyile anhydride, which could provide more than otic reactive site. 
Pyromeilitic anhydride reacted with the amino groups in the molecule, to generate 
amide- acid crosslink, and non-covaicnt hydrogen bonds determine enzyme folding and 
stability, as well as exiralooie interactions with the side chains of the amino acid residues, 
which had also been found to play a role in enzyme stability [23]. 

/;'//«•/ of pi! <m the . tnh-iiy itflmmnNiizal Enzyme pH value is a very important parameter 
ti i n K m i 1 , •. t t, ] , v Kr , v crructure of the enzyme depends on pH; the enzyme 
can be denatured at extremes of pi I [25]. Hence, the main objective of papain modulation 
was to improve the stability ol the en7\ me in extreme emironni, niai r onduions in terms of 
pH in. detergent, in Fig. 6, the native or modified papain was active over ti broad pH range, 
> f 'tnjove -o « o , < ivity in the pH range 7.0-10.0. The extended stability of the 
cross linked preparation in the pH range may be due to resistance to unfolding due to inter- 
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H« ! fe ature on 

immobilized papain activities. 
i : n/>mi! acii\ ity was determined 
: ! d i I \ i en | i . ^ a : ' i : ' 

i < ( ,< t ,lt pi I -i 

I'ei • n l acli\ ilies wore expressed 
considering k rnasimnm w i - 
< i si,!' i 

,! „ ,! , t ;■ , , ,,| n, 

ments, and error bars represent 
die standard errors of means 




Temperature (°C) 



and intra-molecuiar crosslinking [vol- The maximum native papain activity was observed at 
pH 6.0. However, a fijrther decrease from pH 6.0 to 11.0 decreased the native papain 
activity rapidly to the relative activity of 70%, which indicated that the enzyme was 
insensitive to acidic conditions. These findings were in agreement with a pH optimum of 
6.8 for native papain as reported [27]. Moreover, decline in alkaline pH results in native 
p | i i exchange, in modified papain, ihe i i is very stable at ibis pi I and corresponds 
to the maximum pH at 9.0. it is suggested that the acid anhydride reacts with the lysine 
groups of the papain leading to a net anionic charge from positive to negative, hm eloping 
!lu imi i i \ 1 t i I / I i 1 M with 

respect to the surroundings. Furthermore, the I "2,4-beozenctricaibox yl ic anhydride has a 
free carboxyl, and the acid limb attaching to the enzyme can be effectively used to adjust 
the alkaline condition. 



Fi«, 5 Thermal stabilities of 
immobilized papain incubated in 
pH 8.0 buffer at 80 *C for 1 to 
4 b Rehab, e acin itics were 
expressed considering Pie maxi- 
mum acuvio, samples as 
I0W;,. indicated values are means 
of three experiment-, and error 
hers represent die standard mrors 
of means 
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Fig. 6 Effect of pH on immobi- 
lized papain activities. Enzyme 
a\ . i e e i ■ J • i da 
■ pi 1 i aain a tie iili 5 1. 1 1 J 
at 4 s . j r Rebt >c act t e >c e 
the maxi- 




Stability Towards Detergent The use of chemically modified alkaline proteolytic enzyme* 
[28] and papain in detergents has recently been patented [2 l >]. Detergents are very complex 
formulations containing anionic surfactants, bleaching agents, and water-softening builders. 
Generally, proteases are susceptible to denaturation by the anionic surfactants [30]. To 
elucidate the effect of the detergent on the activity of the immobilized enzymes, the native 
and modified papain immobilized on cotton fabrics were preincubated in the presence of 
laundry detergent for 30 min at 45 °C. 

The data, presented here in fig. 7. show thai Ihe I UP and IPC were more stable in the 
present test under various detergent concentrations. The IPP still retained about 40% of 
1 t I 5 and 20 mg ml 

aused a sig t nhi ti i of 71% and S-6%, respectively. At lower concentrations (0 - 
10 mg/ml) of the IPP applied, there was a very slight decrease in the activity. 

;e naonic > > n^iiah led neea the e v n etis n\ [ ] and the 

modification of papain caused an increase in the enzyme stability against the anionic 



Kig. 7 PITeci of detergeni on 
immobilized papain activities. 
Enzyme activity was determined 
at dilTeronl concentrations of <le- 

The pH value and temperature 
■were controlled at S.O aad -a' 
respectively. Relative aciiviti 

^C l L\p S, ! 

a xin i it * \ ' >les a 
100%. Indicated values are meat 
of three . 



C, 




Detergent (mg/ml) 
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surfactants. The change in activity may be due to the alkaline pH which was caused by the 
detergent favoring the modified papain. The activity of chemically modified papain on 
fabrics after washing fastness with the detergent was preserved; thus, as functional cotton 
textile, it was very efficient it; overcome the poor alkaline latmdei ing durability. Moreover, 
the addition of enzyme led to a distinctly better cleansing power of detergents through 
hyeit'olytie degradation of difficult protein-containing solids on fibers. 

Kinetic Parameters The experiments were carried out with low initial substrate reservoir 
concentration so that the Michaeiis -Menten kinetics can be approximated by first-order 
kinetics [32]. Accordingly, the kinetic parameters of the enzyme were investigated 
including the maximum reaction rate (f'ma,) of the enzymatic reaction and the Michaelis- 
Menten constant (K m ). These parameters were obtained front 1 lanes Wool f plot which can 
be written as: 

[s}_ m K m 

The Hanes-Woolf plot avoids both the imsLading nnpi «.-^n otihv c* tvninentjl ^rot and 
the uneven distribution of the points by Lineweaver-Burk plot and the angular- distortion of the 
■errors of the 1 -a iiotstee plot ] When we at' the / > t - t ' P with that of 
IPP (Fig. 8), some differences in K m values indicated that the enzyme modified by 
pyromellitic anhydride has greater affinity towards the substrate (Table 2). Compared with 
IUP, there is not much difference between IBP and IPP in the F max value which is around 



Table 2 Kinetic constants of native and modified papain. 



laizyiiie 


/c cat (mol-s 'too! enzyme ') 


C™, (mol-s-'-g-') 


A^tmoi-r 1 ) 


k c JK m 


IUP 


1.79 


1.076X10" 2 


0.8121 xlO 2 


2.204 xlO 2 


IBP 


1.604 


0.9624 xl0~ 2 


0.7005 x 10" 2 


2.290 xlO 2 


IPP 


1.3S6 


0.8317x10 2 


0.5307x10 2 


2.612 xlO 2 
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0.8-1.0 mol s 1 g V In addition, the highest k cat is with RJP followed by IBP and then IPP. 
B r n ee 1 ie i tied papain in the study, IPP was found to be the best in catalytic 

efficiency. The difference may be ascribed to the structural differences of the enzyme, as 
pyTomellitic anhydride is the bulkiest group attached to the lysine residues which in turn 
improves the catalytic activity by altering the enzyme conformation. 



ConeMsioii 

i it vo novel i e uset lodil i rhe dt nioc » 

was established and m.ixinuiin moddied degree \v;is iippioMinnieiy •!>"., ;it psip.nu modified 
by 1,2,4-benzenetricarboxylic anhydride. The results showed that 1 ,2,4-hen7cnctricarhox~ 
ylic anhydride and pyromeiiitic anhydride were effect;', e in promoting die activity of 
papain under extreme en\ ironmcntai conditions. The native or modified papain was then 
immobilized on the activated fabric as a new carrier. According to the analyses of UPS, it is 
demonstrated that the two-step method has been successful in papain immobilization on 
cotton fabric, and the model was based on the relationship between the enzyme and the 
binding quantity of the ac can er Each immobilized modified papain exhibits 

remaikabie -tohiiiT^ fa msiium ah ahum aid high tempeiaun^, >■> >\cli !■> good ieu-.ahihty 
for detergent. 

Evidence indicates that native papain is a proteolytic enzyme and also plays a key role in 
the interaction between native enzyme and protein, such as casein. But there is little 
information available in the literature about the effect of modified papain on protein. This 
research v ill hi done ub equ nth to in- esti iaie the effect o1 moditi :d pap nn on do: rent 
proteins, not only casein bill a whole class of en son analogues. 

!■ ;11);-11K "vS SI I 1 I I I ! I SI > I ) 1 i 1, 

Natnral V..ai.„a i i i,iau-ii el f la ,a aacW a i u K i am. !■!■ d ..Ml"., a iJ , [ ._. ,m > j ( ■ ■ nir is ... . . ai 
Shanghai Municipality. 
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